
[ Abstract: Future x-ray telescopes; will likely require lightweight mirrors to attain the large 
collecting areas needed to accomplish: the science objectives- Understanding and 
demonstrating processes now is critical to achieving sub-arcsecond performance in the 
future. Consequently, designs not only of the mirrors but of fixtures for supporting them 
during fabrication, metrology handling, assembly, and testing must be adequately modeled 
land verified. To this end, MSFC is using finite-element modeling to study the effects of 
| mounting on thin, full-shell grazing-incidence mirrors, during all' processes leading to a flight 
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Fabftcacon|ptftt0,'lfghtweighbsub-arcsecond optics requires innovative ■ 
technology - 

NASA MSEC procured a Zeeko its 
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Displacement and stress 
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20 1.5135 10 5.51E 07 0.551 1.67E*07 2422 


Right : to. metrology ■: f 


20 1.5135 50 4.87E 05 48.7 4.88E+07 7078 

20 1.5135 60 6.04E 05 60.4 5.31E+07 7702 


Top center finite-element rtjpqel of cylinder (hei^t^,300m I ‘'d*Smeter“0 6 i Om,: ■ 
thickness- 0 002m and 0 006m) held at base with polishing force applied 

; Soft Utnh : ^thberii iwn’ S m f ses stress results" ' : ^ 

laiiiPaniciisplacement results for finite-element model of polishing forces on a 
6mm-thick shell, varying the contact area of polisher 
RighLjiesuUUntttfoetem 


Left finite-element model (FEM) IfoeigfotmO. 1 98m, diameter=0.22i|pg 

thickness- 1 0, 30, 50 c :70, and 90.microns) vwth three equidistant mounting points 
wereereatedto setmounftog 1 > *£*■ j *6 yi tjtfy i v '* > *W & < was' then 
varied longitudinally. 

Right: imaging^jf-power diameter is above, vatyng 

thicknesses and axial location-ctf mounting points. As the thickness gets smaller, the 


The Vertical Long-Trace Profilometer (VLTP, frof0^trnentat^stics)^pticall|H 
scans the suffice unda- test (steng on a rotary tableqbd is best 'suiteltlgib 
metrology of full-cinder mrrror shells and largecJiametermarrirels jig 


6mm cylinder mounted into hardware to attach to the Zeeko j 




: f Direct Polishing of Full-Shell; I- ligh-ResoJution X-Ray Optics • • y. 

jSquelirie M. Roc-fie, Mikhail V. Gtibarev/W. Scott Smith; Stephen OO'Del l s Jeffrey J. Koladziejczak, M^in C £ ^eisskopr^rtan D. Ramsey, Ronald F. Els.n.e 
: * -* ■ : NASA Marshall .Space Flight Center, 320 SparkmacirDrive, Huntsv^dzAL^'$8D5‘ y- J ‘ ‘ v- . i|| ’’ 


2mm cylinder 

thickness, 1 atm bonnet pressure 
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